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Kick's Notes on the Gradient of the Zambesi, fyc. 167 

Pots were placed, mouth downwards, round the spot, and outside 
the hut food and domestic utensils had been thrown out. 

On the 9th October we reached the vessel in the bay, to find all 
well, having ourselves escaped with little fever, although exposed 
terribly to the sun. 

As a path to the lake the Rovuma had certainly disappointed 
us. In flood, there was not water enough for our steamer ; when 
low, our boats with difficulty had passed, and we were effectually 
arrested half way to the lake. If ever a local industry should 
spring up on its banks, the Rovuma is capable of bringing 
down the produce during flood, or for three months each year in 
boats and barges ; but that day is distant. It is, however, while 
the Zambesi remains shut, an easy way by which to pass the hostile 
and extortionate coast-tribes, and so give a good start for any 
explorers bound to the unknown regions between the lakes of the 
interior, and so determine the yet vexed question of the ultimate 
source whence the Nilotic Lakes receive their supplies of water. 
Ten days from Ngomano the explorers will be at the northern end 
of Nyassa, or at least at the most northern point where it is known 
to reach. 



XIV. — Notes on the Gradient of the Zambesi, on the Level of 
Lake Nyassa, on the Murchison Rapids, and on Lake Shirwa. 
By John Kirk, Esq., m.d., f.r.g,s., f.l.s. [With Diagrams.] 

On the Gradient of the Zambesi. — The instruments used in deter- 
mining the level of the Zambesi were the mountain barometer, 
aneroid barometer, and boiling-point barometer. So long as the 
first of these continued serviceable its indications must supersede 
the others. Fortunately it dicl not break down until we had passed 
600 miles inland and a level on the Zambesi of 1222 feet. Here 
we left the river and ascended the Batoka hills: before doing 
this careful comparisons of all the instruments were made, and 
thus a point determined which on our return became available for 
checking any additional instrumental error. It was then found 
that the aneroid still continued adding at a steady rate to its 
originally phis error. 

At low levels observations of the boiling-point of water proved 
of no use, but observations made with this instrument agreed very 
closely with the results of barometric heights at higher elevations : 
thus the results by both place the Victoria Falls at almost the 
same height above the sea, while the lower stations of Zumbo, &c, 
discord considerably. A similar observation has been made by 
Dr. Hooker in India. 
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168 Kiuk's Notes on the Gradient of the Zambesi, 

There is some difficulty in estimating the height of Tete (near 
the head of the lower navigable portion), distant 300 miles from 
the sea-coast. In this part the sea-air first comes over land and 
suffers changes which seem to cause a permanent depression of the 
barometric column, indicating a greater elevation above the sea- 
level than in fact exists. 

With the windings of the river we may estimate the total length 
of this part as a little over 400 miles : in addition, the river is 
shallow and spread over flat sandbanks, causing a great amount of 
friction, so that, making all allowance for retardation, Tete cannot 
be over 400 feet, while the barometer would indicate 600. 

As we pass further inland it is possible that an error from per- 
manent depression of the mercury still increases ; if so, the heights 
deduced will be too great, but against such a source of error there 
is no security even in countries further advanced than Africa. 
The elevation, however, as here given, will be found to be close 
approximations to the truth. Within the tropics the diurnal 
barometric wave follows the same course with unfailing regularity, 
unless during a storm, the difference of one day from another 
seldom exceeds one-tenth of an inch, and even these small changes 
are accompanied by a change in the quarter of the wind. 

Where a series of observations have been made during the day 
at one station they have been reduced to the mean at the sea-level 
by applying a correction for the various hours, which in so steady 
a climate may with safety be done. This correction is founded on 
tables from observations in the centre of the continent and on the 
coast. 

Level of Lake Nyassa. — In determining the level above the 
sea of the Nyassa Lake, we have first observations made on 
the 18th September, 1859, at the time when it was first reached 
by Europeans. The observations made then were : — 

Inches. 

28-38 
28-34 

28-36 
Ind. error .. .. 0*04. 



Mean air temp. 70° above. 
,, „ „ 80 below. 



28*40 = 1575 feet. 



When we returned a second time to that lake under Dr. Living- 
stone, in August and September, 1860, the following observations 
were made : — 



Level of Lake Nyassa, the Murchison Rapids, fyc. 169 

1st series, from 27th Aug. to 8th Sept., 1860. inches. 

Mean reading of 10 observations, corrected for Ind. error 28*42] Air 
2nd series, from 8th Sept. to 20th Oct., 1860. }«*»*? 

„ 8 observations 28*54) 70 

Mean of simultaneous readings of standard bar, at foot of Murchison Rapids, 
corrected and reduced to 32° Fahr. Lat. 16° 2' s. = 29*932. Air 63°. 
1st series = 1543 feet. 
2nd series = 1425 „ 

The 1st series taken on the second occasion I consider the best, 
and should therefore give it two values in taking the mean of the 
three sets, which will be 1522 ft. 

Murchison Rapids. — A series of barometric observations 
taken during the journey up the Shire to gain the Nyassa, and 
again corrected on our return by the same route, with a few of the 
intermediate points checked by observations when first that country 
was entered by Dr. Livingstone and myself, furnish the accom- 
panying section in which are indicated the chief rapids through 
which the water of Nyassa descends from its own level, 1522 feet, 
to nearly that of the ocean. 

The rapids have been named after the distinguished President 
of the Royal Geographical Society, to whose patronage African 
geography is so deeply indebted. 

The levels of the respective rapids are calculated to correspond- 
ing observations made on board the Pioneer, at anchor in the 
Shire at their foot, to which 100 feet has been added as the pro- 
bable difference between that station and the sea-coast. 

Lake Shirwa. — The water-level of Lake Shirwa, in lat. s. 15° 23', 
was ascertained by observation of aneroid barometer when that 
lake was discovered — the only time when scientific instruments 
have been taken to its edge. 

The barometer, corrected for index errors, showed 27*86 at 
noon of 18th April, 1859, =2000 feet above sea-level. 



XV. — A Visit to the Wahabee Capital, Central Arabia. By 
Lieut-Colonel Lewis Pelly, H.M. Political Resident, Persian 
Gulf. 

Bead, June 12, 1865. 

About a year ago, Mr. Frere, the President of the Geogra- 
phical Society of Bombay, attracted my attention to the Proceed- 
ings issued by the Royal Geographical Society on the 28th of 
April, 1864, showing that certain questions had been mooted in 
London relative to the geography of the interior of Arabia, and 
that it was still a desideratum to determine with scientific accuracy 



